Background: And Objectives: The aim of this retrospective investigation was to study the relationships among chronic kidney disease, acute kidney injury (AKI), and potential benefits by post-bypass dexmedetomidine use in patients undergoing cardiac surgery.
Introduction
Acute kidney injury (AKI) is a common complication after cardiac surgery and associates with adverse outcomes and high healthcare costs [1] . Depending on the preoperative kidney function status, the rate of postoperative AKI can be as high as 30% in cardiac surgery patients. AKI is associated with up to 60% mortality rates of all cardiac surgery patients and a 25-fold increase in mortality following cardiac valve surgeries [2, 3] . The pathogenesis of AKI is multifactorial and involves hemodynamic, inflammatory and ischemia/reperfusion (I/R) injury [4] . It is well known that renal function is closely associated with hemodynamic and sympathetic nervous system activity.
Since cardiac surgery triggers endocrine responses that stimulates the hypothalamus-pituitary-adrenal axis, the sympathetic nervous system, resulted in epinephrine and norepinephrine release and caused an unstable hemodynamics that is detrimental to renal function [5] . It has been reported that peak intraoperative plasma concentrations of norepinephrine and epinephrine occurred after cardiopulmonary bypass (CPB) [6] . This is a critical period with a higher blood catecholamine level that is detrimental to patients [7] . Studies demonstrated that the hemodynamic stabilizing and sympatholytic effects produced by clonidine, an alpha-2 agonist, could prevent the deterioration of renal function after cardiac surgery [8, 9] . This may be also associated with some potentially renal-protective effects including inhibition of rennin release, increased glomerular filtration and increased secretion of sodium and water produced by alpha2-adrenoceptor activation [10] . Dexmedetomidine is a highly selective, shorter-acting intravenous alpha-2 agonist with an alpha-2 to alpha-1 selectivity ratio of 1600:1 [11] . Study also found that dexmedetomidine could effectively abolish the increase of sympathetic activation and vasoconstriction induced by cocaine [12] . By stabilizing the sympathetic system, exerting antiinflammatory effects and attenuating I/R injury, dexmedetomidine has been shown to protect renal function in laboratory studies [13, 14] . However, no study has demonstrated the benefit of dexmedetomidine on renal function in cardiac surgery. Leino and colleagues reported that use of intravenous dexmedetomidine did not alter renal function in a cohort of relatively low-risk elective coronary artery bypass graft (CABG) patients but was associated with an increase in urinary output, but the relationship among post-bypass dexmedetomidine use, preoperative renal function and postoperative AKI were not studied [15] . Thus, this study was designed to investigate the relationships among preoperative renal function, chronic kidney disease (CKD), AKI and outcomes, and potential benefits by post-bypass dexmedetomidine administration in patients undergoing cardiac surgery with cardiopulmonary bypass.
Materials and Methods

Study Design
This study was a retrospective cohort study involving 1,219 consecutive cardiac surgery (CABG and/or valve surgery, congenital cardiac surgery and aortic surgery) patients in a single tertiary medical center (University of California Davis Health System) from January 1, 2006 to December 31, 2011. The study was reviewed and approved by the University of California Davis Institutional Review Board. Due to the nature of the retrospective study, the written consent was not given by the patients for their information stored in the hospital database to be used for research. This waive of consent was approved by the IRB. Patients underwent emergency surgery, off-pump or robotic surgeries and surgeries requiring deep hypothermic circulatory arrest were excluded from this study (Figure 1) . 1,133 patients were identified and divided into two groups: those who received dexmedetomidine (DEX group, n=567, 50.04%) or those who did not receive dexmedetomidine (Non-DEX group, n=566, 49.96%) during the post-bypass period ( Figure  1 ). This study is registered at http:// www.clinicaltrials.gov/ct2/show/NCT01683448? term=NCT01683448&rank=1 and the identifier is: NCT01683448.
Data Collection
The patient data were collected and reviewed from the institutional Society of Thoracic Surgeons (STS) National Adult Cardiac Surgery Database and the hospital medical records that included demographics, patient history, medical record information, preoperative risk factors, preoperative medications, intraoperative data, renal failure, in-hospital and 30-day all cause mortality. Independent investigators prospectively collected the data on each patient during the course of the hospitalization. Post-bypass dexmedetomidine use was defined as an intravenous infusion (0.24 to 0.6mcg/kg/hr) initiated after CPB and continued for less than 24 hours postoperatively in the ICU. Infusion rate of dexmedetomidine was adjusted according to patients' hemodynamic parameters. The decision on which patients received dexmedetomidine was at the discretion of the attending anesthesiologists who provided anesthesia care to the patients.
Major and secondary outcomes
Major outcomes of this study were postoperative AKI, inhospital and 30-day all cause of mortalities. Secondary outcomes included postoperative length of mechanical ventilation, postoperative renal failure (RF), length of intensive care unit (ICU) stay, length of hospital stay (LOS) and 30-day readmission. Based on the STS criteria, the following definitions were used: In-hospital mortality: whether the patient has been declared dead within this hospital admission. This includes all causes of death, including those causes clearly unrelated to the operation. 30-day mortality: whether the patient was alive or dead at 30 days post surgery (whether in hospital or not). The primary method used to verify the patient's mortality status were phone call to patient or family; letter from medical providers; evidence of life in medical record (laboratory tests, cardiac rehabilitation visits, etc.); office visits to surgeon after discharge; social security death master file. Postoperative RF: acute or worsening RF resulting in one or more of the following: increase in serum creatinine >2.0 mg/dL or two-fold increase of most recent preoperative serum creatinine or a new requirement for dialysis, and 30-day readmission is defined as the patient was readmitted as an in-patient within 30 days from the date of initial surgery for any reason. This includes readmissions to acute care, primary care institutions only, not to rehabilitation hospitals or nursing homes. http://www.sts.org/ documents/pdf/trainingmanuals/adult2.73/V-cAdultCVDataSpecifications2.73.pdf (accessed at June 30, 2012) The patient baseline kidney functions were divided into five stages based on preoperative estimated glomerular filtration rate (eGFR ml/min/1. [16, 17] . eGFR was calculated based on Modification of Diet in Renal Disease equations [17] . Postoperatively, AKI was divided into three stages based on Acute Kidney Injury Network (AKIN) criteria [18] : increase in serum creatinine above baseline: ≥ 1.5 to 2 fold or creatinine increase ≥0.3mg/dL (Stage 1), >2 to 3 fold (Stage 2), >3 fold or creatinine increase > 4.0 mg/dL or acute increase >0.5mg/dL (Stage 3).
Statistical Analysis
Continuous and categorical variables were reported as mean ± SD or percentages, and compared with a 2-sample t tests or a chi-square test (two tailed), respectively. Univariate and multivariate logistic regression were performed to assess associations between dexmedetomidine use and demographic, therapeutic and clinical outcome variables. To mitigate selection bias in dexmedetomidine use, we computed the propensity score, that is, the conditional probability of each patient receiving dexmedetomidine with a multivariable logistic regression model that includes patient demographic and clinical risk factors ( Figure 1 ). We presented parsimonious models with a backward selection method from all candidate risk factors (α=0.1). The candidate risk factors were selected on the basis of the literature reviews, clinical plausibility, and variables collected in the database. The candidate independent variables included demographic and clinical risk factors in Table 1 . The parsimonious multivariable propensity model for dexmedetomidine use included status of procedure, preoperative family of coronary arterial disease (CAD), preoperative hypercholesterolemia, preoperative dyslipidemia, preoperative congestive heart failure (CHF), preoperative ejection fraction (EF), preoperative beta-blockers, preoperative lipid lowing medications and perfusion time ( Table 2) . Bivariate logistic regression analysis was initially performed to identify significant predictors of postoperative AKI and a propensityweighted logistic regression model was used for riskadjustment for postoperative AKI in which an inverse (estimated) propensity score as weights for patients with dexmedetomidine and the inverse of 1 minus the propensity score for patients without dexmedetomidine. The model included patient preoperative risk factors and use of dexmedetomidine as an independent factor. All models fit analysis was evaluated with the Hosmer-Lemeshow goodnessof-fit statistic. The C statistic was reported as a measure of predictive power. Based on the propensity of dexmedetomidine use we classified all patients into quintile where quintile 1 contained patients with lowest propensity scores and quintile 5 contained patients with the highest propensity scores. Then, with a general linear model, we compared the propensity weighted and risk adjusted postoperative AKI between the cohort of dexmedetomidine used and the cohort of no dexmedetomidine used for each propensity-matched quintile.
We also classified all patients into 5 stratifications according to the stage of preoperative CKD and compared the predicted postoperative AKI between dexmedetomidine use and no dexmedetomidine use cohorts for each preoperative CKD stages. All differences in statistical analysis were considered significant if p <0.05. All data analyses were conducted with SAS version 9.3 (Cary, NC).
Results
Preoperative demographic and clinical data of the patients who did and did not receive post-bypass dexmedetomidine are presented in Table 1 . Age (>65 years) and gender (male) distributions were similar between groups as was body mass index (BMI), race (non-white), smoking, last creatinine level and dialysis, percentage of patients with chronic lung disease, cerebrovascular disease, peripheral vascular disease, diabetes, hypertension and CKD. Patients receiving postbypass dexmedetomidine use were more likely to have prior CHF, history of RF, dyslipidemia and a higher EF value whereas patients in Non-DEX group were more likely to have family history of CAD, hypercholesterolemia, preoperative myocardial infarction and a larger percentage of patients receiving intra-aortic balloon pump (IABP). In addition, patients receiving post-bypass dexmedetomidine were more likely to receive preoperative lipid lowering medications, whereas there were a larger percentage of patients receiving preoperative angiotensin converting enzyme inhibitors, adenosine diphosphate receptor inhibitors, anticoagulants and glycoprotein IIb/IIIa Inhibitors in the Non-DEX group. The uses of preoperative beta-blocker, nitrates, antiplatelet agents, Coumadin, inotropes, steroids and aspirin were similar between the two groups.
Procedural characteristics, the distributions of surgeries including CABG and CABG combined with other procedure were similar in both groups. However, there were more patients received valve surgery or combined with other procedures in DEX group, whereas there were more patient received CABG surgery in Non-DEX group. In addition, perfusion time and aortic cross-clamp time were longer in Non-DEX group (Table  1) [16] . The values of eGFR, preoperative creatinine level and the distribution of CKD stages were similar in two groups (Table 3) .
Overall, the incidence of AKI was closely correlated with the baseline renal function, the more advanced CKD at the baseline, the more frequent the postoperative AKI occurred (ranged from 27.8% if eGFR ≥90 ml/min/1.73m 2 to 73.2% if eGFR at 15-30 ml/min/1.73m
2 ) (Table 4) . Post-bypass dexmedetomidine use was associated with significantly reduced the incidence of total AKI (26.1% vs. 33.75%; Adjusted (Table 5) .
Post-bypass dexmedetomidine use was associated with significantly reduced in the incidence of any complication (47.09% vs. 54.06%, adjusted OR, 0.800; p= 0.0136), inhospital (1.23% vs. 4.59%; adjusted OR, 0.340; p<0.0001) and 30-day (1.76% vs. 5.12%; adjusted OR, 0.390; p<0.0001) mortalities. However, there were no statistical differences in 30-day readmission, ventilation hour, ICU hour and LOS ( Figure  2) .
After adjusted for propensity scores and covariates, multivariate logistic regression model analysis revealed that elderly patients (>75 years), non-white race, urgent surgery, severe CKD (Stage 4 and 5), obesity (BMI>40), preoperative hypertension, dyslipidemia, CHF, IABP use, nitrates, lipid lowering medications and perfusion time significantly increased the risk of postoperative AKI. Conversely, post-bypass use of dexmedetomidine was found to have a significant benefit in protecting patients against AKI (OR, 0.347; 95%CI, 0.28 to 0.43; p<0.0001) (Figure 3) .
Discussion
This was the first study to demonstrate that 1) patients undergoing cardiac surgery are often concomitant with preoperative CKD (30.54%); 2) baseline renal function or eGFR is associated with postoperative AKI which the probability increased proportionally with the worsening of preoperative kidney function; 3) post-bypass dexmedetomidine use was associated with a decrease in postoperative AKI, particularly in patients with normal preoperative kidney functions and mild CKD; 4) post-bypass dexmedetomidine use was also associated with a decrease in postoperative inhospital and 30-day mortalities and the incidence of any complication.
AKI previously referred to as acute renal failure (ARF) with an estimated incidence as high as 30 % in cardiac surgery patients. Patients suffered from AKI had significant poor outcomes including increased short-term and long-term mobility and mortality, prolonged hospital stay that further translates into higher costs [1, 2, 19] . Studies in cardiac surgery patients have demonstrated that AKI added additional 1-5 % to the in-hospital mortality and added up to 24% in patients who require acute dialysis [20] . The pathogenesis of AKI is complex and multifactorial. It has been suggested that activation of sympathetic nervous system, I/R injury, systemic inflammatory responses, increased metabolic products, neurohormonal activation and oxidative stress are among the potential causes [21] . Certain predisposing factors of AKI existed in most patients underwent CPB [22] . Our results indicated that several risk factors included older age, non-white race, urgent surgery, preoperative kidney diseases, obesity, preoperative hypertension, dyslipidemia, CHF, IABP use, nitrates, lipid lowering agents and longer perfusion time all contributed to increase postoperative AKI in patients undergoing cardiac surgery. Our results also demonstrated that postoperative AKI was associated with the degree of preoperative CKD. Patients with severe CKD were more likely to develop postoperative AKI. Decreased renal function reserve, pre-existing renovascular disease and impairment of kidney auto-regulation could be the contributing factors for the postoperative renal function deterioration. These hemodynamic perturbations during CPB make the kidneys with existing CKD even more vulnerable to any further ischemic or other insults [23, 24] .
Dexmedetomidine is a novel α 2 adrenoceptor agonist with the property of sedation, analgesia, inhibition of central sympathetic outflow, hemodynamic stabilization, antiinflammation and diuresis [5, 11, 15] . It is a highly selective, shorter-acting intravenous alpha-2 agonist with a remarkable binding specificity for the α 2 adrenoceptor [11] . Dexmedetomidine has been shown to protect heart, brain, kidneys and lungs in laboratory studies [12, [25] [26] [27] . Study has suggested that α 2 adrenoceptors exist widely in the renal peritubular vasculatures, proximal and distal tubules [28] . Clinical study demonstrated that α 2 adrenoceptor agonists enhance urine flow and perioperative renal function in non-cardiac surgery patients [29] . Pretreatment with clonidine has shown beneficial effects on renal function after cardiac surgery [8] . However, study has not found significant difference in postoperative creatinine clearance even with an increase in urinary output with dexmedetomidine [15] . Our result further pointed out dexmedetomidine was more likely to protect kidneys against mild AKI after cardiac surgery. Furthermore, we also found post-bypass dexmedetomidine use was associated with reduced postoperative AKI in patients with normal kidney function and mild CKD. These findings are clinically significant because even a mild impairment in renal function is associated with increased mortality following cardiac surgery [19] . The mechanisms of dexmedetomidine on kidney function remain unknown. It is conceivable that dexmedetomidine attenuates surgical stress-induced increases in circulating epinephrine and norepinephrine and maintain renal blood flow and glomerular filtration. Therefore, it can protect the kidney against the adrenergic-mediated vasoconstriction by activation of α-2c receptors in the wall of vascular smooth muscle [8, 30, 31] . Dexmedetomidine can also exert direct vascular effects in the kidneys by decreasing the sympathetically mediated presynaptic release of norepinephrine in the kidneys, which could promote renal arterial vasodilatation [32] . A few plausible explanations including activating cell survival signal phosphatidylinositol kinase via α 2 adrenoceptors to reduce cell death and highmobility group protein B1 release and subsequently inhibits tolllike receptor 4 signaling, activating the cholinergic antiinflammatory pathway, enhancing macrophage phagocytosis for bacterial clearance and stabilizing hemodynamics [5, 13, 33, 34] . Finally, dexmedetomidine induces diuresis, possibly by suppressing the secretion of arginine vasopressin, may have had a salutary effect on glomerular filtration [35] . It has been reported that dexmedetomidine persevered calculated creatinine clearance and reduce the severity of AKI by preventing tubule obstruction and decreasing oxygen consumption [29, 36] .
There are several limitations in this investigation. First, it is a retrospective study that has shown a relationship among dexmedetomidine infusion, preoperative CKD and postoperative AKI, but does not establish a cause and effect relationship as prospective study does. Secondly, post-bypass dexmedetomidine infusion may not reduce the incidence of severe renal dysfunction, but mild AKI, which may adversely affect outcome even without preexisting renal dysfunction. Finally, although multivariate regression was used in this study to reduce overt biases, potential biases may still exist which included potential multiple and uncontrollable confounding factors destined for a non-randomized study.
In conclusion, this study is the first to demonstrate that postbypass dexmedetomidine infusion is associated with a significant decrease in the incidence of mild acute kidney injury in these cardiac surgical patients with preoperative normal renal function and mild chronic kidney disease. The postbypass use of dexmedetomidine is also associated with a significant decrease in in-hospital, 30-day mortality and the incidence of postoperative overall complications. A prospective, multicenter randomized study focused on the relationship between the use of dexmedetomidine and acute kidney injury in cardiac surgery patients is indicated to confirm these findings.
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